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Preface

A preliminary note about the events which prolopted this study may

provide some perspective on its purposes. In reading this report one might

presume that it was authored by a mathematics educator, and prompted by a

general interest in mathematics curricula. Contrary to this, the motivation

for this study originated in an interest in the nature of learning abilities,

and was precipitated by experiences with individual students.

The questions which arose pertained to the application of curriculum

policies to specific students as follows: Should a student who has re-

ceived a C or lower in a 9th grade algebra course be admitted to a course

in Geometry? Should a student in the lowest quintile of a mathematics

placement test be programmed in a 9th grade mathematics course; should

he receive any further course work in high school mathematics? The first

policy existed in a particular school and may prevail Lit many schools.

The other policies were undem 4oasideration in another system. These

policies had evolved from teachers' judgments about the value of mathematics

courses for certain students, and the degree of success which they might

be e*pected to attain. Data are generally not available, however, to sup-

port or refute their judgments.

These programming policies evoked additional questions as follows:

Should Geometry be considered sequential to algebra; or should it be

regarded as.an independent area of study? Is mathematical aptitude a



general aptitude; or, are there specific abilities, some of which might

enable a student to achieve satisfactorily in geometry despite unsatis-

factory achievement in algebra? Are the mathematical abilities of students

entering the 9th grade sufficiently mature and stable to permit reliable

prediction of their future mathematics achievements? Obviously definitive

answers to these questions could not be obtained in a single study. 'Also,

inasmuch as they refer to mathematics curricula which span over several

years, and they refer to abilities 154hich evolve during the course of mental

development, longitudinal studies would appear to be necessary,

There were several factors, however, which contraindicated longitu-

dinal research. First, since the introduction of the so-called modern

mathematics courses in the curricula the topic contents of mathematics

courses have been considerably changed. The sequence of course4e.g.,

arithmetic, introductory algebra, plane geometry, solid geometry, trigo-

nometry and advanced algebra, which existed in the traditional mathematics

curriculum, has generally been reorganized. Modern mathematics has empha-

sized the study of related concepts and the discovery of mathematics prin-

ciples, rather than the mastery of separate content areas. As changes in

the mathematics curriculum proceed, a consideration of the sequential na-

ture of the courses, and how these relate to students' abilities will

eventually become necessary. Second, since the mathematics curriculum

is still in the process of being changed, and since several tracks of

modern and traditional mathematics may be offered at a given grade level,

it seemed preferable to conduct a cross sectional study of the types of

abilities which students present at a particular grade level.

The next logical step then is to examine how these abilities are related

to their performance in the specific courses in which they are enrolled.



Preliminary discussion about these problems was carried on with

Dr. Nancy ilhitman, Associate Professor in Mathematics Education at the

University of Hawaii and with Miss Amy Tsunehiro, graduate student and

intern teacher, The plans for this study were then formulated. Prelimi-

nary endorsement to conduct this study was obtained from Dr. Milli=

Savard, Assistant Superintendent of Research, and from Miss Beatrice Lout,

Coordinator of Testing Services of the State Department of Education.

Administrative approval and assistance were then obtained from 14r. Donald

Leach, principal of the Stevenson Intermediate School.

Miss Sharon Kim, Research Assistant in the Education Research and

Development Center, was employed to coordinate the study. She established

an excellent liaison between the cooperating school and the Education

Research Center, and her services on the project were invaluable.

Particular gratitude is expressed to Mrs. Jennie Nakamoto, Chairman

of the Mathematics Department and to Mr. Maurice Edwards, Vice Principal

at Stevenson School for planning and arranging the students' schedules

and for their"aisistance in facilitating the data collection. The study,

as it was eventually carried out, required extensive assistance and coopera-

tion from the mathematics teachers and from the ninth grade students at

Stevenson School. Their assistance is also acknowledged gratefully.

Donald A. Leton
23 November 1966



Chapter 1

Introduction

Mathematics, which originated in the common needs of daily life,

has now expanded into many abstract branches. Although the abstract fea-

tures of mathematics have given rise to a philosophical idea about its

purity, nevertheless these theories can only be validated by regularities

in the phenomena of the natural world and the universe. Unfortunately

as the higher levels of abstraction have been developed in mathematics

they also became more removed from common knowledge.

Because of its abstractness mathematics is said to be more difficult

to teach than any other subject field. On the other hand it has also

assumed more and more importance in modern day affairs. Our technical

and scientific culture has again asserted the need for mathematics knowl-

edge. Along with this demand for mathematics knowledge there has also

occurred a desire for good mathematics teaching. Mathematics educators

are now faced with three significant tasks: 1. the selection of mathe-

matics content from kindergarten through graduate programs, 2. the arrange-

ment of curricular sequences, and 3. the evaluation of mathematics content

in general education curricula and in specific vocational and professional

curricula.

Purposes

There were two general purposes for this study. The first was to

identify the types of intellectual abilities which define the mathematical

aptitudes of ninth grade studentsiand the second was to determine how
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these abilities are related to achievement in specific mathematics

courses.

The point of view that 'a variety of intellectual abilities evolve

during the course of mental development is now generally accepted. The

nature and number of such abilities, however, is the subject of much

theoretical and research debate (e.g., Guilford 1959, French 1963,

Thurstone 1933, Thurstone 1941 and others). There are contrasting views

as to the nature of numerical intelligence. For example Wechsler (1944)

regards it as a type of verbal intelligence. In the Wechsler Intelligence

Scales arithmetical reasoning ability is assessed in the Arithmetic Sub-

test of the Verbal Scales. In contrast to this, Thurstone (1941), in her

study of the primary mental abilities, identified a numerical factor

independent of verbal comprehension and word fluency. Although numerical

ability is commonly recognized as an independent trait the question of

whether it differentiates with various other subabilities, and when such

differentiation occurs, has generally not been investigated.

It has been presumed that the ability to perceive space-and-form

relationships, and logical reasoning ability are components of geometry

aptitude. Spatial and form-perception abilities appear to evolve rather

early in mental development (e.g., Thurstone 1933, Frostig et al 1964,

Leton 1963); however, their influence on subsequent arithmetic achievement,

or their possible influence on achievement in modern mathematics courses

at the elementary school level has not as yet been investigated.

Inasmuch as algebra achievement requires the manipulation of abstract

symbols it may be hypothesized that abstract reasoning ability would be



more predictive of success in algebra than would abilities such as numer-

ical intelligence and space-form perception.

Grouping of students on the basis of prior grades introduces a complex

set of predictor variables. Inasmuch as academic instruction is largely

a verbal transaction,intellectual traits such as verbal - comprehension and

general reasoning have been found to be highly predictive of grades. Stu-

dents are also rewarded, however, for displaying certain personal and

behavioral characteristics, e.g., conformity, responsibility, and intellec-

tual efficiency 0/alters 1962). Since a major proportion of the variance

in course grades is due to these personal and behavioral traits, and since

they are not assessed in the usual academic aptitude tests, course grades

do not represent a suitable criterion of the efficacy of ability predictors.

On the one hand scholastic aptitude is viewed as a general trait, and

for school-age children is considered to be synonymous with intelligence.

When -tests are usedlor decisions about school admission and curriculum

placement, most frequently they are tests of general scholastic aptitude.

On the other hand the existence of specific and group factors of intelli-

gence have been demonstrated in research. The school curricula are differ-

entiated into tracks and levels. Relatively little attention has been

given to the use of external criteria such as course achievements to vali-

date specific intelligence factors. Also, the extent to which differences

in course achievements such as algebra and geometry depend upon the dif-

ferences in the patterns of mental abilities presented by students is still

unknown.

year.,,Avn ow. hi .2., err-T.
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Chapter 2

Review of Research

A variety of new courses, e.g., UICSBE, SMSG, are being introduced

into the mathematics curriculum which have not been evaluated on the basis

of comparisons with traditional courses, nor on the basis. of the abilities

required for their mastery. Perhaps the greatest problem in the organiza-

tions of present as well as revised curricula is that these are not examined

in the light of the students' aptitudes for various kinds of mathematics

achievement.

Prediction Studies

A number of studies have attempted to predict success for a specific

course at a particular grade level. In predicting success in first year

algebra various studies have used either algebra grades or algebra achieve-

ment tests as criterion variables. Dinkel's study (1959).1s most pertinent

among recent research pertaining to the prediction of algebra grades. In

the first year of his study he found a multiple correlation of .78 between

previous grades, intelligence, mathematics aptitude and achievement tests

with grades in algebra. Using the same, variables the second year he ob-

tained a multiple correlation cf 486. In a more recent study Callicut <1961)

used a combination of intelligence and achievement scores with subject

grades from eighth grade courses to predict grades in ninth grade algebra.

He found that arithmetic grades from the eighth grade and the arithmetic

achievement scores from the Stanford Achievement Battery were the best

predictors.
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Final grades for eighth grade mathematics were found by Barnes and

Asher (1962) to be the best single predictor of final grades in algebras

(r = .58). By combining the eighth grade final grades with the scores on

the Iowa Every-Pupil Test of Basic Skills and the Orleans Algebra Prognosis

Test to predict achievement, they obtained a multiple correlation of .63.

-CoMbining three additional predictor variables increased the multiple corre-

lation to .66.

Using a different approach,iCain (1966) compared the relationships of

the Verbal Reasoning and Numerical Abil4ty subtests of the Differential

Aptitude Test Battery to algebra achievement. His sample was partitioned

according to science curricular groups, modern biology and traditional

biology. In both groups the correlations of the Numerical Ability subtest

with the algebra grades were significantly higher than the Verbal Reason-

ing subtest.

In other studies of algebra achievement using grades as the criterion,

multiple correlations ranged from .57 (Clifton, 1940) to .86 (Layton, 1941).

Torgerson (1933) found a multiple correlation of .60 and Ayers (1934)

obtained a multiple correlation of .70.

Using algebra achievement tests as criterion measures, Osburn and

Melton (1963) compared the predictive validities of various measures for

traditional algebra classes and experimental (modern) algebra classes.

In both courses there were no significant differences in the proficiency

of prediction by the aptitude tests. The coefficients of correlations

between aptitude and achievement tests for both groups ranged from .62

to .66. "Spatial and mechanical reasoning tests were mote valid for the
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experimental course than for the traditional course...the DAT spelling

tests gave characteristicaPy higher validities in the traditional course."

Duncan (1961) studied performance in eighth grade algebra using intel-

ligence* algebra aptitude test scores, arithmetic grade placement scores

and interest scores from science anii literature scales as predictors.

Performance on the Seattle Algebra Test was the criterion. He obtained

a multiple correlation coefficient of .76. In other studies predicting

performance on a first year algebra achievement test multiple correlation

coefficients ranged from .65 to .84 (Dickter, 1933; Grover, 1932; Guiler,

1944; and McCuen, 1930).

Several other researchers studied algebra achievement as well as

achievement in other mathematics courses. Lee and Hughes (1934) studied

prediction of algebra and geometry achievement. They found that for both

algebra and geometry, the aptitude test predicted scores on the respective

achievement tests better than they predicted final course grades. Teacher

ratings of student ability predicted final grades better than final achieve-

ment test scores. The predictions of achievement scores from aptitude

tests were more successful than the predictions of final grades from the

teachers' ratings.

Tempero and Ivanoff (1960) studied ninth grade general mathematics

and beginning algebra. They correlated end-of-year achievement tests

with SCAT Verbal, Quantitative, and Total scores. For both curricular

groups the SCAT Quantitative correlated higher with the criterion than

did the Verbal subtest, but the Verbal subtest had a higher predictive

validity for the year end achievement in the algebra group than for the
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achievement in the general mathematics group. In one of the early studies

on this problem Seagoe (1938) compared the predictive validities of intel-

ligence, aptitude and achievement tests for general mathematics and alge-

bra. She found that for both curricular groups the Stanford Arithmetic

Achievement Test was superior to both the aptitude tests and the general

intelligence tests.

Analyses of Mathematical Aptitudes

Even though a number of researchers have found differences in-algebra,

arithmetic and geometry aptitudes (Lee, 1955; Oldham, 1933; and Holzinger

and Swineford, 1946) most of the predictive studies assume a general

factor of mathematical ability. Oldham's studies (1937, 1938) illustrate

the problems involved in analyzing mathematical aptitudes. In her factor

analyses of mathematical abilities she identified a group factor between

arithmetic and geometry which stems from the application of number concepts

to geometry problems. She also concluded that a group factor between

arithmetic and algebra is due to the ability to compute accurately, and

to perceive geometric forms. The use of geometric perception in the

analysis of algebra aptitudes raises the question as to the amount and the

sequence of earlier instruction in mathematics.

A mathematical group factor was also found by Wrigley (1958). He

concludes that "...the different branches of mathematics are linked together

more closely by a mathematical group factor than they would be if a general

factor only were in operation." In addition, he isolated a general intel-

ligence factor, verbal and spatial factors and a numerical group factor.
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"Performance in geometry is connected with spatial ability as measured

by the spatial factor. Performance in arithmetic (especially mechanical

arithmetic) and to a lesser extent performance in algebra, is in part

dependent upon numerical ability as measured by a number factor."

In her factor analysis of mathematics ability Sister 14 Canisia's

(1962) oblique solution produced 22 factors. In a second-order analysis

she obtained 4 factors.

The findings of this study suggest that mathematical
thought processes appear to be mainly processes of edu-
cation, organization, and manipulation of relations.
Mathematical thinking seems to be characterized by a
fluency and flexibility of thought material under re-
stricting conditions such as are often imposed by the
assumptions, postulates, and definitions of a mathema-
tical problem. The number factor appears to be quite
unrelated to the other factors in terms of which mathe-
matical ability was described in this study. (Sister

14. Canisia, 1962: 125)

Kline (1956) administered a battery of 38 tests to each of two suc-

cessive intermediate algebra classes and factor analyzed the two sets

of data separately. The factors congruent to both analyses were then

determined. There were 5 factors considered to be congruent in the two

studies: Verbal Comprehension, Deductive Reasoning', Algebraic Manipulative

Skill, Number Ability, and Adaptability to a New Task.

Factor A, Verbal Comprehension, was obviously present
in those algebra tests which required the conversion
of verbal statements into algebraic symbols and in
the test of informational ability of algebra.

Factor B, Deductive Reasoning, was noticeably present
in tests of the following intermediate algebra topics:
exponents, binosiial theorem, progressions, use of
tables, Cartesian graphs...
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Factor C, Algebraic Manipulative Skill..was definitely
in evidence in tests of the following intermediate alge-
bra topics: fractions, factoring, quadratic equations,
radicals, exponents, and simultaneous equations.

Factor D, Number Ability, had no loadings above .30 in
any of the algebra tests. If the study had included
more tests of practical problems, as in logarithms,
progressions, and numerical trigonometry, instead of
emphasizing the theory, there is a good possibility
that the number factor would have been stronger in
the algebra tests.

Factor E, not present in the algebra tests, is more
difficult to identify.... The author has labeled it
Adaptability to New Tasks, because all the tests with
significant loadings on the factor required the student
to perform a task" he had never done before. (Kline,

1956: 69-71)

Guilford, Hoepfner, and Peterson (1965), in their study of ninth

grade mathematics, compared the predictive validities of standard academic

aptitude tests, i.e., CTHH, Iowa and DAT, with the predictive validities

of measures of structure-of-intellect factors. The ninth grade mathematics

courses under study included Basic Mathematics, Non-College Algebra,

Regular Algebra, and Accelerated Algebra.

Thirteen factors were obtained from a principal-axes analysis of 28

test variables. The factor scores were slightly better for the prediction

of achievement in regular algebra, whereas the 9 standard tests were better

for predicting achievement in basic mathematics. When the 13 structure-

of-intellect factors were combined with the 9 standard predictor signifi-

cantly higher multiple correlations occurred for both the accelerated end

regular algebra course, but not for the basic mathematics course.

Discriminant analysis of the 25 tests used in the structure-of-intel

lect factor study differentiated the successful algebra from the successful
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mathematics students. The tests which discriminated between the above-

median success groups were not entirely the same as those which were

selected in stepwise prediction as best predictors of the entire ranges

of achievement in algebra and mathematics classes. Guilford (1965) con-

cludes that at least 10 factors are necessary for a predictive battery

(for the ninth grade mathematics curriculum studied) and 3 additional tests

are necessary to cover the task of classification. He concludes that 12

different factors, primarily from the symbolic category of the structure-

of-intellect and dealing with the products of relationships and implica-

tions, were most relevant for ninth grade mathematics. Some of these

factors are represented in the earlier studies by Oldham (1937, 1938),

Kline (1956), Urigley (1958), and Canisia (1962). The question, however,

of how many general and how many group factors may reside in mathematical

aptitude does not appear to be adequately resolved as yet.

Gtiilford raises an additional question as to whether achievement in

the "new' mathematics courses will take the same kind of predictor variables

as have been found for the traditional types of courses. Although some

consideration of this question appears in the study by Osburn and Neiton

(1963) the factor structure of mathematical prognosis tests, and the rela-

tionship of such factors to success in modern mathematics curricula have

not been determined as yet.
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Chapter 3

Procedures

pppulation and Sample

The subjects for this study were the ninth grade students from

Robert Louis Stevenson Intermediate School in Honolulu, Hawaii. This

school was selected as representative of intermediate schools in Hawaii

in terms of its mathematics curricula, and in terms of the characteristics

of its students. The students are from a variety of community backgrounds,

and they present a wide range of ability and achievement levels.

There were 227 boys and 249 girls entering as ninth grade students

in the Fall of 1965. Because of student transfers there was an attrition

of 16 boys and 22 girls from this study. All of the ninth grade students

were programmed in mathematics courses, 33 were in the University of Illi-

nois Committee on School Mathematics (UICSM).class, 120 were in Algebra

1 & 2 classes, 90 in Mathematics 9X, 120 in Mathematics 9A and 75 in Mathe-

matics 9U. A description of the courses is included in the appendix.

Instruments

The predictor tests administered to the students included the Orleans

Algebra Prognosis Test (OAPT), the Orleans Geometry Prognosis Test (OGPT),

the Cooperative Mathematics Test (CM) and the Differential Aptitude Test

Battery (DAT). Other predictor variables included scores from the Quantitative

subtest of the School and College Ability Tests, Form 3A (SCAT), the total

scores of the Mathematics subtests of the Sequential Tests of Educational
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Progress, Form 3A (STEP), and grades from the eighth grade mathematics

course. End-of-course grades and teacher-assigned stanines were used as

criterion variables for the total group. Criterion tests for the specific

mathematics courses were the UICSM final exam for the UICSM class, the

Cooperative Algebra Test for the algebra classes, and the arithmetic test

of the sati Adiievitraent Battery for the 9X, 9A, and 9U classes.

The SCAT, STEP, DAT, CMT and Cooperative Algebra Teat were adminis-

tered by school personnel as part of their test program. The teachers in

each of the curriculum tracks assigned students within each course to

s tanine groups.

Analyses.

Means and standard deviations of the distributions of students'

intelligence and echievement teat scores were computed for each of the

mathematics curricula. Analysis of variance was used to determine the

extent of variation in verbal and numerical abilities among the groups.

Analysis of covariance was utilized to determine the extent of variation

in mathematical aptitudes which prevailed after adjusting for the initial

variation in verbal intelligence.

Product-moment correlations were computed for the aptitude and

achievement test variables. The variables included Numerical Aptitude,

Abstract Reasoning and Space Relations test of the DAT battery, the

Quantitative subtext of the SCAT, the Mathematics test of the STEP, and

the subtests of the Cooperative Mathematics, the Orleans Algebra Prognosis,

and the Orleans Geometry Prognosis. The resulting correlation matrices

were factor analyzed.
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Stepwise regression analyses were computed to select subsets of

the variables to predict the following criteria: 1) teacher-assigned

stanines, 2) final grades, and 3) performances on the end-of-course

achievement tests.
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Chapter 4

Results

Summary statistics for the distributions of aptitude test scores

and for grades in eighth grade mathematics were computed. The results.

for each curricula track, for boys and girls, and for the total ninth

grade class are shown in tables 1 through 12. Graphs of the means and

standard deviations of the mathematics tests for the five curriculum

groups are included with the tables.

Analyses in Mathematics Aptitudes

Students were assigned to the mathematics curricula on the basis of

several criteria. These included an ability criterion, the SCAT Total

score; an achievement criterion, previous grade in eighth grade mathematics;

and a prognosis criterion, the CMT. Subsequent modifications of these assign-

ments were also made on the basis of teacher recommendations and students'

and parents' requests. These criteria were not used sequentially, nor

objectively; so the overlap which eventually appeared between groups on

these distributions was high.

Inasmuch as the initial placements in the five curricular groups were

not systematic, the differences between the groups in terms of their general

verbal and quantitative abilities were unknown. Analysis of variance and

covariance procedures were employed to study the extent of the variations
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Table 12

Summary Statistics for the Final Grade

Received in 8th Grade Mathematics
AV

Mean
GradeGrade S.D.Grou

Total Group 472 1.6 .83

Boys 225 1.5 .83

Girls 247 1.6 .83

UICSM 34 2.6 .54

Algebra 129 2.0 .79

Mathematics 9X 90 1.5 .61

Mathematics 9A 125 .70

Mathematics 9U 93 1.0 .64
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in verbal and mathematical aptitudes among the five groups. Table 13

indicates the result of the -t-4"tance analysis of the SCAT Verbal subtesti,

13

Analysis of Variance of the SCAT Verbal Scores

oftiveCurricul"GrItPis
Variance DJ,

um o
Squares

Mean
Square F Hypothesis

Among Groups 5 50343.00 10066.60
59.45 rejected

Within Groups 870 147332.00 .,169.34

Total 875 197675.00 225.91

The F ratio of 59.4 (5 and 870 d,f.) indicates a significant variation in

verbal ,abilities among the five groups. This would be anticipated since

the initial grouping was partly based on thy: SCAT Total scores. This

analysis, however, was preliminary to the covariance analyses. Ideally, to

assess the influence of mathematics aptitude on mathematics achievement,

it would be desirable for the groups to be initially equal in verbal abil-

ities. Since this does not occur in the natural settingssimtistical proce-

dures are employed, i.e., analysis of covariance, to determine the extent of

the variation in mathematical traits, independent of the differences in

verbal abilities.

Table 14 presents the t tests for the significance of group differences

Table 14

Comparison of Performance on the SCAT
Verbal Stbtest b Curricular Grou s

Grou s N1
Mean

112 Difference

Signifi-
cance

UICSM vc Algebra 34 124 16.94 4.65 p <.01

UICSM vs Mathematics 9X 34 92 23.71 6.55 p <301

UICSN vs Mathematics 9A 34 126 31.73 8.79 p <.(j

UICSN vs Mathematics 913 34 91 41.04 11.37 p <.01

Algebra vs Mathematics 9X 124 92 6.71 5.21 p <.01

Algebra vs Mathematics 9A 124 126 14.79 11.46 p

Algebra vs Mathematics 9U 124 91 24.20 19.36 p <.03.

Mathematics 9X vs Mathematics 9A 92 126 8.02 6.57 p <.01

Mathematics 9X vs Nthematics 9U 92 91 17.43 14,29 p <.01

Vathematics 9A vs Mathematics 9U 126 91 9.41



-16-

on the SCAT Verbal subtest. The five adjacent groups differed signifi-

cantly from each other in their verbal intelligence.

The analysis of variance among the five groups on the STEP Mathematics

scores is indicated in the original analysis in table 15. The F value of

Table 15

Analysis of Variance of STEP Mathematics Scores of
the Five Curricular Groups-Original and Adjusted

Sums of S uares and Mean S uares

Variance DF

Original Analysis

DF

Adjusted Analysis
Sum of Mean
Squares Square F

Sum of
Squares

Mean
Square

Among
Groups 5 54671.50 10934.30 5 11104.74 2220.94

85.79 26.07
Within
Groups 870 110377.00 127.44 869 718W.63 82.63

Total 875 165548 50 189.19 874 82915 33 94.86

. 85.79 (5 and 870 d.f.) indicates a significant variation among groups. The

adjusted analysis, in which the original sums of squares is adjusted for

initial differences in verbal ability, yielded an P value of 26.87. Obvi-

ously a significant variation in mathematics achievement still remains among

the group. The t tests for the group mean differences disclosed that sec-

tions differed in their levels of prior mathematics achievement. The t

tests for the group mean differences are shown in table 16. Inasmuch as

the STEP Mathematics subtest scores were used as one of the criteria for

placement the intergroup differences were expected. The original and

adjusted mean differences on the Orleans Geometry Prognosis Test are

shown in table 17. Again, as anticipated, the variation among the groups
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Table 16

Comparison of Performance on the STEP
Mathematics Subtest b Curricular Grou s

Signifi-
canceGroups N1 N2

Mean
Difference

U,ICSM vs Algebra 34 125 11.52 8.59 p <.01

UICSM vs Mathematics 9X 34 92 21.21 10.93 p <.01

UICSM vs Mathematics 9A 34 126 27.61 20.15 p <.01

UICSM vs Mathematics 9U 34 91 39.63 24.93 P <.01

Algebra vs Mathematics 9X 125 92 9.70 10.37 P <.01

Algebra vs Mathematics 9A 125 126 16.09 16.19 p <.01

Algebra vs Mathematics 9U 125 91 28.12 21.97 p <.01

Mathematics 9X vs Mathematics 9A 92 126 6.40 6.56 P <.01

Mathematics 9X vs Mathematics 9U 92 91 18.42 14.62 P <.01

Mathematics 9A vs Mathematics 9U 126 91 12 02 9.16 <.01

Table 17

Analysis of Variance of Orleans Geometry Prognosis Test Scores of

The Five Curricular Groups Original and Adjusted
Sums of S uares and Mean S uares

Original A:alysis
Sum of Mean

Variance DF S uares S uare
Among

Adjusted Analysis

Sum of Mean
DF S uares S uare F

Groups 5 149211.01 29842.20 5 33375.14 7675.02

77.34 26.83

tYithin

Groups 870 335672_.70 385.83 369 243531.20 285.99

Total 375 .484883.71 554.15 874 286906.35 323.26

in the Geometry Prognosis scores is significant. The F values of 77.34

and 26.63 in the two analyses indicated significant intergroup variance.

The pattern of group mean differences disclosed by the t tests of signifi-

cance are presented in table 18. The five groups differed significantly

from each other in their aptitudes as measured by the Orleans Geometry

Prognosis Test.
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Table 10

Comparison of Performance on the Orleans Geometry
Prognosis Test by Curricular Groups

s
N1

H2
Mean

Difference t

Signifi-
canoe

UICSM vs Algebra 33 132 16.79 7.17 p <.01
UICSM vs Mathematics 9X 33 91 30.57 11.62 p <.01
UICSM vs Mathematics 9A 33 129 50.62 21.72 p <.01
UICSM vs Mathematics 9U 33 87 57.25 21.68 p <.01
Algebra vs Mathematics 9X 132 91 13.73 6.50 p <.01
Algebra vs Mathematics 9A 132 129 33.83 19.54 p <.01
Algebra vs Mathematics 9U 132 87 40.46 13.99 p <.01
Mathematics 9X vs Mathematics 9A 91. 129 20.05 9.52 p <.01
Mathematics 9X vs Mathematics 9U 91 87 26.68 10.93 p <.01
Mathematics 9A vs Mathematics 9U 129 87 6.63 3.13 p <.01

The F ratios for the original and adjusted analyses of variance on

the Cooperative Mathematics Test distributions are shown in table 19.

Table 19

Analysis of Variance of Cooperative Mathematics Test Scores of
the Five Curricular Groups-Original and Adjusted

Sums of S uares and Mean Squares

Variance DF DF

Adjusted Analysis
Sum of Mean
Squares ware

Sum of
Squares

Mean
Square F

Among
Groups 5 183964.84 36792.96 5 40445.53 8089.10

103.08 36.90
Within
Groups 870 310504.95 356.90 869 190492,65 219.20 ....1.1

To, tal 875 494469.79 565.10 874 230938 18 264.23
.1111111

The'variation in the adjusted sums of squares indicated that the group

differences on the CMT, independent of the variation In verbal abilities,

were significant. The critical ratios presented in table 20 indicate

that the five curricular groups differed significantly from each other

with respect to performance on the CMT.
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Table 20

Comparison of Performance
Mathematics Test b

on the
Curricular

Cooperative
Gro.,s

H
2 tGro 's

Mean
Difference

Signifi-
cance

UICSM vs Algebra 34 128 24.72 6.81 p <.01

UICSM vs Mathematics 9X 34 92 45.44 16.70 p <.01

UICSM vs Mathematics 9A 34 125 55.36 20.35 p <.01

UICSM vs Mathematics 9U 34 93 71.80 26.11 p <.01

Algebra vs Mathematics 9X 123 92 20.71 12.59 p <.01

Algebra vs Mathematics 9A 128 -- 125 30.63 13.64 p <.01

Algebra vs Mathematics 9U 128 93 47.08 27.69 p <.01

Mathematics 9X vs Mathematics 9A 92 125 9.92 7.12 p <.01

Mathematics- 9X vs Mathematics 9U 92 93 26.36 18.06 p <.01

Mathematics 9A vs Mathematics 9U 125 93 16.44 14.52 <.01

The variance and covariance of Algebra Prognosis scores are shown

in table 21. The adjusted analysis yielded an F value of 49.9, indicating

Table 21

Analysis of Variance of Orleans Algebra Prognosis Test Scores of
the Five Curricular GroupsOriginal and Adjusted

Sums of Squares and Mean Squares

Variance DF
Among
Groups

Original Analysis
Sum of Mean

Adjusted Analysis
Sum of Mean

Squares S uare F DF Squares S uare

5 185208.93 37041.73

Within
Groups 870 305326.71 350 95

Total 875 490535.65 560.61

105.4
5 63702.21 12740.44

869 221443.85 254 82

49 .99

874 285146.07 326.25

significant variation among the five groups in their algebra aptitude-.

The t tests for integroup differences are presented in table 22.. The

test of the mean difference between the UICSM and algebra groups indicated

no significant difference in the algebra aptitude of these two groups,

Significant differences appeared, however, between the other sections.
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Table 22

Comparison of Performance on the Orleans Algebra
Prognosis Test b Curricular Grou s

Groups
Mean

Ni N2 Difference
Signlfi-
cance

,....

UICSM vs Algebra 33 132 1.32 .98 p >.05
UICSM vs Mathematics 9X 33 91 21.77 13.52 p <.01
UICSM vs Mathematics 9A 33 129 36.77 22.41 p <.01
UICSM vs Mathematics 9U 33 87 56.06 26.32 p <.01
Algebra vs Mathematics 9X 132 91 20.46 14.15 p $(.01

Algebra vs Mathematics 9A 132 129 35.45 24.03 p <.01
Algebra vs Mathematics 9U 132 87 54.75 29.59 p <.01
Mathematics 9X vs Mathematics 9A 91 129 14.99 8.69 p <.01
Mathematics 9X vs Mathematics 9U 91 87 34.29 16.65 p <.01
Mathematics 9A vs Mathematics 9U 129 87 19.30 9.28 <.01

EactinArallymses of Aptitude Test Variable:

It was hypothesized that mathematical aptitude is comprised of the

following specific abilities: 1) Numerical, 2) Abstract Reasoning, 3) Spa-

tial Relationships, 4) Logical Reasoning, and 5) S_Ibol Manipulation.

There was no intentional effort to obtain tests, nor to design tests that

would be factor-pure. Such an approach (e.g., Peterson et al 1965) would

insure their representation in"the subsequent analysis. The question would

still remain, however, as to whether the obtained factors would merely be

constructs in a theory of intelligence, or actually represent mathematical

aptitudes which could eventuate in mathematics achievement. In this study

the decision was made to follow an empirical rather than a theoretical

approach. It was decided to determine the structure of a battery of apti-

tude tests of known predictive validity rather than to use Costs for which

both the predictive and the factor validities are unknown.

The intercorrelations of the 29 aptitude test variables are shown

in table 23. The subtests on the CMT; OAPT, and OGPT were also summed



T
a
b
l
e
 
2
3

A
`

I
n
t
e
r
e
o
r
r
e
l
a
t
i
o
n
s
 
o
f
 
S
c
o
r
e
s
 
f
r
o
m
 
M
a
t
h
e
m
a
t
i
c
a
l
 
A
b
i
l
i
t
i
e
s
 
T
e
s
t
s

V
a
r
i
a
b
l
e
s

2
3

4
5

6
7

8
9

1
0

1
1

1
2

1
3

1
4

3
7

3
7
6
0

5
8

5
2
5
0
6
2
6
7

6
0

7
2

6
5

7
3

6
7

1
5
 
1
6

2
5

2
8

2
3

2
7

6
2

5
9

6
1

5
7

6
1

5
6

5
6
 
5
3

6
3

6
3

5
2

5
7

4
2

5
0

6
1

6
6

5
3

5
8

6
7

7
0

6
3

6
4

6
4

7
1

7
4

1
7

3
3
3
3
6
2

6
4

5
9
5
5
6
4

6
7
6
1
7
2

6
8

7
5

7
4

7
3

7
0

7
5

1
8

2
8

2
9
5
2

5
4
5
4

5
2

5
5

5
0
4
u
5
4

4
6
6
2

5
6
6
1
6
4

6
1
6
3

1
9

3
0
3
1
5
0

5
5
5
2
5
1

5
7
5
1

4
3

5
9

5
5
6
6

5
7

5
9

6
2

6
2
6
5

6
5

2
0

3
5
3
6

5
3
5
4
4
7

4
7
5
7

6
2
5
3

6
6

5
9
6
3

6
n
6
6

5
9
6
3

6
7
5
9

6
5

2
1

3
7
3
7

5
8
6
1
5
5

5
3

6
2
6
4

5
6
6
7

6
4
7
1

6
3
7
2

6
9

6
9
7
0

6
5
6
6

6
9

2
2

2
3

2
2
3
9

4
1
3
3

4
0

4
1
3
6

2
9

3
8

3
7

4
5
4
2
4
2
4
2

4
5

4
6

4
5
4
8

4
1
5
0

2
3

2
8
2
7

5
3
5
7

6
1

5
7

5
3

4
3
3
4

5
1

4
6
6
0
5
6

5
7
6
6

6
3
6
1

7
0

6
6

5
7

6
7

4
9

2
4

3
2

3
2

5
1

5
3
5
1

5
0

5
3
5
1

4
1

5
2

4
9
5
7

5
6
5
7

L
6

5
6
6
0

6
5
5
9

5
7
6
4

4
7
6
3

2
5

2
7

2
7

4
7
5
0

5
2
4
5

4
5 4
0

3
0

4
6

4
1
5
0

5
0

4
8

5
6

5
1
5
3

6
2
5
4

4
7

5
3

4
2
6
5

5
6

2
6

2
7

2
8

2
9

S
C
A
T
 
Q

S
T
E
P
 
1
4

C
M
T
 
S
k

C
R
T
 
F
a

C
M
T
 
A
p
p
l

A
p
p
r

O
A
P
T
 
A
r

O
A
P
T
 
S
u

O
A
P
T
 
U
s
e

O
A
P
T
 
M
e

(
A
P
T
 
S
u

°
A
P
T
 
S
u

O
A
P
T
 
R
e

O
A
P
T
 
P
o

C
A
W
 
P
r

O
A
P
T
 
A
d
d

O
A
P
T
 
S
u
m

O
G
P
T
 
A
x

O
G
P
T
 
R
d
g

O
G
P
T
 
K
i

O
G
P
T
 
C
o

O
G
P
T
 
U
n

O
G
P
T
.
I
t
i

O
G
P
T
-
G
e

O
G
P
T
 
G
e

O
G
P
T
 
S
u

D
A
T
 
1
1

D
A
T
 
A
b
s

D
A
T
 
S
p

9
5

4
1
4
0

4
3

4
2 7
4

3
0

3
2

7
5
7
4

3
3

3
2

7
5
7
0

8
1

3
2
3
0

5
8
5
3

4
5
4
8

4
2
4
3
4
9
5
0

3
6

3
7

5
9

3
7

3
9

4
2
4
1

2
8

3
0
5
1

7
5

3
7

3
6

5
3
5
8

4
6

4
5
6
2

7
5

6
9

3
2

3
2
5
3

5
5
4
3
4
3

6
2
7
3
6
2

7
5

3
1

3
0

5
6
6
1
5
1

5
0
6
4

6
6

5
4
7
0

7
0

3
1

3
0
5
7

5
8
5
5
5
1

5
9
6
0
5
3

6
4
6
3

7
0

3
2
3
1

5
9
6
2

6
2

6
0
5
7

5
4

4
2
6
2
5
5

6
7
6
2
6
5

6
3

6
9
7
0

7
1

7
2

6
9

7
5

5
3
7
6

7
0

6
4

4
5

4
3 7
4

6
9
6
8
6
6

6
7
6
0
5
2
6
6

6
2

6
4

6
1
6
7

7
1

6
8
7
1

5
8
5
9

5
9
7
0

4
4

6
1

5
6
5
1

6
6
.

4
2

4
2 5
4

5
5
5
2
5
1

4
7
5
0
4
7
5
3

4
6
5
2

4
7

5
2

4
9 5
Z

5
4
4
8

4
5
5
1

5
5

3
3
4
5

4
3
3
5

4
8
6
7

4
1
4
2 5
7

5
6
5
8
5
6

4
7

4
9

4
2

5
0

4
6
5
4

5
2

5
5

5
4
5
3

5
3
5
3

5
5
5
1

5
7
3
7
5
3

5
1

4
0
5
0

6
6

6
3

i
g
o
t
e
:

D
e
c
i
m
a
l
s
 
o
m
i
t
t
e
d

ft
w

or
m

oo
rm

im
ew

if
tio

w
yp

ow
im

er
an

ro
rs

.o
ft

w
om

er
am

rw
an

ra
w

yw
no

w
le

m



-22-

to obtain total scores for each of these tests. The high correlations

among the subtests justified this reduction of the matrix of subtests.

Tables of the correlations of the 29 subtests in the CMT, OAPT, OGPT,

SCAT, and DAT and of the total scores are included in the appendix,

tables A through E. The matrices were factor analyzed, using principal

components procedures. Various factor representations of the 29-variable

matrix were examined, ranging from a seven-factor to a four-factor solution,

with orthogonal rotations. Four factors were extracted from the 8-variable

matrix and orthogonal and oblique rotations were compared. The unrotated

factor matrices are included in tables F & G in the appendix.

The six-factor solution on the 29-variable matrix was selected for

interpretation and for the prediction of mathematics achievement. The

four-factor solutions of the 29-variable and 3- variable matrices are

also compared in the text of this report. The rotated factor matrices for

the seven-and five-factor solutions are included in tables H & I in the

appendix.

The results of the six-factor solution are shown in table 24. Factor

I is identified as a logical reasoning factor in geometry aptitude. It

is defined by the Axioms, Reading Angles, Bisection, Geometric Notations,

Geometric Problems and Summary Subtests of the Geometry Prognosis Test.

The Problems subtect of the Algebra Prognosis Test also received its highest

loading on this factor. The minor differences in the loadings for this

subtest on facto,. I (.52), factor IV (.46), and factor III (.43) may be

due to error. Since there are only two items on the Problems subtest

its capriciousness across factors might be best explained by unreliability.
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The highest loading on the first factor, however, might be due to several

reasons, for example, 1) a slightly higher level of difficulty, 2) the

items can be solved through the use of logical reasoning, or 3) the item-

contents are geometric progressions. The first factor in the principal

axis solution typically has the highest eigenvalue and accounts for the

major portion of the variance. Inasmuch as the first factor was associated

with more than 50% of the variance it might be interpreted as a general

factor. The low loadings from the SCAT Quantitative, STEP Mathematics,

DAT Abstract, and some of the Algebra Prognosis subtests oppose a general-

factor interpretation,however.

Factor II is defined by the SCAT Quantitative and STEP Mathematics

subtests. The original intention for including the STEP Mathematics

Achievement subtest in the analyses was that it might serve as a marker

variable and identify achievement components in the prognosis subtests.

If it functioned in that manner, however, it did so only for the SCAT

Quantitative subtest. In view of the high correlation between the two

subtests (.954) it seems difficult to reconcile that one is named an abil-

ity test and the other an achievement test. The low loadings of the other

27 variables on this factor serve to clarify it as a SCAT-STEP instrument

factor.

The third factor is defined by the four subtests of the Mathematics

Placement test and the DAT Numerical Aptitude subtest. The secondary load-

ings from other arithmetic-type subtests aid in identifying this factor

as arithmetic aptitude. It might be described more specifically as the

ability to learn and to apply principles of arithmetic.
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The fourth,factor is defined by the subtests in the Algebra Prognosis

Test and by two subtests of the Geometry Prognosis Test, Kinds of Angles

and Complimentary-Supplementary Angles. In spite of the OGPT variable

loadings, it is identified as algebra aptitude. The two geometry subtests

involve the symbolic representation of angles. The failure of the DAT

Abstract Reasoning variable to receive its primary loading on this factor

was contrary to the initial hypotheses. One of the possible reasons is

that the algebra aptitude factor is more heavily weighted with symbol-

manipulation ability than with abstract reasoning.

The fifth factor is defined by the DAT Abstract. Reasoning and Spatial

Relationship variables. The correlation between the two subtests of .63

observed in this study is somewhat higher than reported in the test stan-

dardization. Similar to factor II, one possible interpretation is that

this is also an instrument factor. Adjacent subtests in the same battery

often load on the same factor because the subtests are taken sequentially.

The loading for the DAT Numerical variable is a tertiary loading so two

mathematical aptitudes are actually reflected in the three subtests. Ii

defining the fifth factor it appears more logical to conclude that the

Space RelatiOns subtest required abstract reasoning abilities rather than

presume that the Abstract Reasoning subtest required spatial abilities.

None of the other variables showed secondary loadings on this factor, so

its identification resides in these two subtests. Again, the initial

hypothesis about abstract reasoning and spatial relationship as independent

factors was not supported.

The sixth factor is primarily defined by one subtest in the OGPT,
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Understanding Geometric Relationships. Although this variable had a

secondary loading on the first factor, the sixth factor appears to be a

test-specific factor,. The Geometry Prognosis subtests were distributed

on three of the six factors whereas the other test batteries tended to

load on one factor. The point of view that mathematical aptitudes are a

heterogeneous set of specific abilities may be more evident in the case

of geometry aptitude than for algebra.

The six factors in this solution were associated with 77% of the

variance in the matrix. The use of factor scores for the prediction of

mathematics achievement is therefore complicated by the fact that 23%

of the aptitude variance is residual. The additional factor in the seven-

factor solution increased the variance association by less than 2%.

Although the six factors obtained on this analysis were used in the

regression analyses this does not represent the most parsimonious solution.

Three other analyses were carried out. The correlations of the eight test

variables are shown in table 25. A four-factor solution was then obtained

for the eight-variable correlation matrix as shown in table 26.

Table 25

Correlations of the 8 Mathematical A titude Variables

STEP r1 CRE OAPT OGPT DAT NA DAT AR DAT SR
SCAT Q
STEP M
CMT Total
OAPT Total
OGPT Total
DAT NA
DAT AR
DAT SR

.9544 .3993

.3934

.3919

.3828

.6875

.3788

.3803

.7135

.8465

.4574

.4367

.7433

.7963

.7299

.4254
m,4235

.5879

.6066

.5640

.6787

.4135

.4247

.6060

.6265

.6331

.6652

.6339
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Table 26

Mathematics Test Variables and Factor Loadings
on the Rotated Factor Matrix*

Variables II III IV h2
'SCAT Q -202 -951 141 102 977
STEP M -188 -952 131 130 977
CMT Total -772 -198 342 104 765
OAPT Total -870 -170 183 225 870
OGPT Total -879 -169 087 270 883
DAT NA -749 -234 418 202 833
DAT AR -374 -215 839 253 955
DAT SR -428 -210 286 822 937
Eigenvalues 5.033 1.319 .522 .374
Cumulative

Proportion of
Total Variance .629 .794 .859 .906

*Decimals are omitted

The test-specific factors which appeared for the Cooperative Mathe-

matics and the Orleans tests in the 29 variable analysis were not maintained

in this analysis. The first factor in this analysis appears to be a

general 'Lector, and was defined by the Cooperative Mathematics, Algebra

Prognosis, Geometry Prognosis and the DAT Numerical Abilities tests. The

intercorrelations of these tests ranged from .56 to .84. Factor I was

associated with 63% of the variance in the matrix.

The second factor, the SCAT Quantitative-STEP Mathematics factor

was maintained as in the 29 variable analysis. The moderate correlation

between the SCAT Quantitative and the DAT Numerical Abilities tests

(r = .45) raises a question about their content. Obviously the traits

assessed by the DAT Numerical Abilities and the Cooperative Mathematics

Placement tests are essentially different from the traits assessed by

the SCAT Quantitative subtest. Inasmuch as any one of these tests may
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be used for grouping students in mathematics courses the question about

their independent variance (807.) represents an important problem for

curriculum guidance.

The third factor is defined by the DAT Abstract Reasoning Test.

The correlations of the Abstract Reasoning Test with the Cooperative

Mathematics and with the Algebra Prognosis Test were both around .60;

however, it shared more of the variance in the Cooperative Mathematics

Test than in the Algebra Prognosis Test.

The fourth factor is the DAT Space Relations subtest. The correla-

tion of the Geometry Prognosis with the Space Relations test scores was

,63; however, the loading for the Geometry Prognosis variable on this

factor was only .,27. Evidently geometry aptitude, as assessed by the

Orleans Prognosis Test at this age level does not involve as much spatial

ability as may generally be assumed as essential to geometry. The four

factors were correlated with more than 907. of the variance in the eight-

variable correlation matrix.

Two other four-factor solutions were obtained for the 29 variable

matrix. The.. first solution was a principal components analysis with an

orthogonal rotation using varimax procedures. The second solution was

also a principal components analysis with an oblique rotation, using

Harris & Kaiser's (1964) orthogonal transformation procedures.

The varimax rotation of the four principal axes is shown in table 27.

The first factor is the algebra aptitude factor, defined primarily by

the Orleans Algebra Prognosis Test. One of the Geometry Prognosis sub-

tests, Kind of Angles, also showed a primary loading on this factor.
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Variables which showed high secondary loadings were the Complementary

and Supplementary Angles subtest in the OGPT and the Numerical, Abstract

Reasoning and Spatial Relations subtests of the DAT.

The second factor which consistently appeared in the various analyses

was the SCAT Quantitative-STEP Mathematics factor. The third factor was

defined by the Cooperative Mathematics Placement subtests and the DAT

Numerical, Abstract Reasoning and Spatial Relationship variables. This

was identified a3 the arithmetic aptitude factor in the six-factor

solution.

The fourth factor is identified as the geometry aptitude factor and

is defined primarily by the Geometry Prognosis subtests and by the Problems

subtest of the Algebra Prognosis Test. This factor appears as the first

factor in the six-factor solution. A major difference in the four-factor

solutions for the 29-and 8-variable matrices appears in the fourth factor.

In the 29 variable analysis the Spatial Relations subtest loads on the

third factor and is interpreted as an aspect of arithmetic aptitude. In

the 8-variable matrix this subtest identifies the fourth factor and is

interpreted as a specific aptitude.

The variable loadings for the oblique rotation of the four factors

are shown in table 28. The variable loadings on the four factors are

generally lower. A slight change also appeared in the primary loading

for the Complementary and Supplementary Angles subtest. The factor corre-

lations are shown in table 29.

The transformation matrix for the oblique rotation is shown in

table 30. As indicated in table 29 three of the factors are highly

correlated, I with III, I with IV and III with IV, whereas factor II is
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Table 28

Oblique Rotation of Four Mathematics Aptitude Factors*

Variables I .

Factors .II III IV

SCAT Quantitative -056 818 065 -051
STEP Mathematics -058" 846 049 -058
CMT Skills 052 -030 520 091
CET Facts, Terms & Concepts 041 020 421 006
CMT Applications -154 -117 598 -033
CET Appreciation -118 -081 567 -007
OAPT Arithmetic Test 310 -030 068 -043
OAPT Substitution in Monomials 577 135 -095 102
OAPT Use of Exponents. 580 136 -082 172
OAPT Meaning of Exponents 521 017 000 075
OAPT Substitution in Monomials

with Exponents 528 -016 013 113
OAPT Substitution in Binomials

with Exponents 360 -059 006 099
OAPT Representation of Relations 304 -059 086 -057
OAPT Positive and Negative Numbers 372 006 037 -044
OAPT Problems 162 .148 154 -165
OAPT Addition of Like Terms 260 -107 085 -128
OAPT Summary Test 353 -073 081 -061
OGPT Axioms 004 .009 -019 -410
OGPT Reading Angles 098 001 -032 -334
OGPT Kinds of Angles 264 052 .043 -178
OGPT Complementary, and Supplementary

Angles 232 023 -000 -215
OGPT Understanding Geometrical

Relationships 014 010 -001 -274
OGPT Bisection -114 -037 064 -461
OGPT Geometrical Notation 026 050 -030 -369
OGPT Geometrical Problems -077 010 000 -410
OGPT Summary Test 007 -021 007 -428
DAT Numellcal Ability 186 023 339 034
DAT Abstract Reasoning 161 117 259 057
DAT S ace Relations 055 101 242 -080
*Decimals are omitted
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only slightly correlated with the others. The oblique rotations yielded

Factors
I

II
III

Table 29

Correlations of the Obli

II
.37

III
.76
.40

urn Axes

rtr

-.82
-.29
-.81

Table 30

Transformation Matrix for the Obliiue Rotation*4,

Factors I

I I

II Iv
237 044 156 -151

II 044 890 051 306
III -875 054 670 -224
IV 418 450 723 912

*Decimals omitted

essentially the same information as the orthogonal solutions.'

The correlation of aptitude factors may have some meaning for the

theory of mathematical abilities. If the specific mathematical aptitudes

develop unevenly during the course of adolescent mental development, then

the trait correlations would be expected. Longitudinal research will be

necessary, however, to obtain more conclusive data about the development

of mathematical abilities. Canonical correlations of factor matrices at

succeeding age levels may also provide some information on this problem.

The latter approach, however, would require comparable groups at each

age level.



Although the various factor analysed in this study yielded consistent

results the differences between obtained and-hypothesized factors requites

further discussion. The appearance of instrument factors, e.g.y SCAT

Quantitative and STEP Mathematics Achievement, may haVe been partly due

to their adjacency in the administration sequence. The time intervals

which occurred between administrations of the SCAT-STEP, the OAPT-OGPT,

and the DAT would tend to produce more independence of such results,

whereas the adjacency of subtests within batteries would influence their

higher.intercorrelation: The alternation of subtests from several bat-2

teries, although an inconvenient procedure, may need to be employed to

minimize the appearance of instrument factors.

Because of the delineation of test batteries in the factor structure

none of the factors were interpreted as group factors. The group factors

which appeared in Oldham's (1938) and Wrigley's (1958) analyses may have

been due to the inclusion of performance tests with ability tests. It

is not unreasonable that performance in-a later course, e.g., geometry,,

requires the application of prior mathematics achievements; but the

performance shoUld then be identified as composite performance rather

than geometry achievement. The questions of general factors vs. specific

and group factors, and the correlations of factors in mathematical apti-

tude need further study, since the answers to such questions can have

important implications for the structuring of mathematics curricula.

Multiple Regression Analyses,

Multiple regression analyses were performed to predict each of the

various criteria? teacher assigned stanine scores, final grades in ninth



grade mathematics, and achievement test scores for each of the five

curricular groups. The means and standard deviations were computed for

the criterion measures. These statistics are shown in tables 31 through

35. Final grades and stanine icores for the total class are in table K

Table 31

Summary Statistics of Criterion, Measures For
UICSM Curricular Gro

Total Boys Girls
Criterion ri Mean S.D. N Mean
Final
Grade 33

S

Stanine
Score 33

UICSM
Final Exam 29

'Mean S.D.

2.6 .73 19 2.6 .63 14, 2.6 .92

5.0 1.89 19 5.0 1.87 14 5.1 1.99

18.2 3.18 17 18.4 3.60 12 18.0 2.40

Table 32

Summary Statistics of Criterion Measures For
the Algebra Curricular Grou

Total Boys Girls
Criterion N Mean S.D. N Mean S.D. N Mean
Final
Grade

Stanine
Score

Cooperative
Algebra Test
Raw Scores

130 2.2 .87 66 2.2 .87 64 2.1 .88

130 4.9 1.87 66 4.8 1.76 64 5.0 1.99

130 31.3 5.60 66 31.7 4.78 64 30.9 6.36

of the appendix. Regression analyses mere first computed using the

29 mathematical aptitude and achievement variables as predictors.



Table 33

Summary Statistics of Criterion Measures
for Mathematics 9X

Criterion Total Bo s
N Mean. S.D. N Mean N

Final Grade 93 2.5 .95 38 2.6 .38 55
Stanine Score 91 5.0 1.85 37.--'4:8 1.77 54
SRA Arithmetic
Achievement
Test-Part 1 88 29.7 6.62 36 30.2 6.59 52

SRA Part 2 87 24.8 3.64 36 25.5 3.18 51
SRA Part 3 87 38.4 5.71 36 33.5 4.27 51
SRA Total 87 93.0 13.23 36 94.2 10.71 51

Girls
Mean S.D.

2.4 .99
5.2 1.69

29.4 7.02
24.3 3.90
36.3 6.53
92.1 14. 79

Table 34

Summary Statistics of Criterion Measures
for Mathematics 9A

Criterion Total Boys Girls
N Mean S.D. N Bean S.D N Mean S.D.

Yinal Grade 123 1.8 .92 50 1.8 .96 73 1.8 .90
Stanine Scores 127 5.1 1.68 54 4.9 1.97 73 5.2 1.81
SRA Arithmetic
Achievement
Test-Part 1 120 24.1 7.16 50 25.2 8.03 70 23.2 6.39

SRA Part 2 122 20.8 5;28 51 21-.1 5.85 71 20.6 4.87
SRA Part 3 122 35.4 7.65 51 34.3 9.53 71 35.9 6.40
SRA Total 120 80.3 16.74 50 81.0 19.65 70 79.9 14.45

Table 35

Summary Statistics of Criterion Measures
for Mathematics 9U

Criterion Total Bo s Girls
N Mean S.D. N Mean S.D. N Mean S.D.

Final Grade 83 1.4 .05 43 1.5 .82 40 1.2 .87
Stanine Score 86 4.9 2.09 48 5.0 2.16 33 4.7 2.02
SRA Arithmetic
Achievement
Test-Part 1 73 17.7 9.54 45 18.5 11.43 33 16.6 6.09

SRA Part 2 78 144,7 5.21 45 15.4 5.25 33 13.9 5.13
SRA. Part 3 78 24,,5 3.59 45 24.5 0.63 33 24,6 8.40
SRA Total 78 56.4 17.41 45 57.0 17.47 33 55.5 17.55

14
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Regression equations were then obtained from stepwise multiple regression

analyses of the same 29 independent variables. Following thissinultiple

regression analyses were computed using the 6 factor scores for the

independent variables; and stanines, grades and achievement teat scores

for dependent variables. To test the hypothesis that specific mathema-

tical aptitudes have greater predictive validity for achievement than a

test of general scholastic aptitude, regression analyses were carried out

to predict each of the dependent variables from the SCAT Total scores.

Predictions of Stanine Scores,

The correlations of the mathematical aptitude tests and teacher

assigned stanines for the five curricular groups are shown in table 36.

Stepwise multiple regression analyses were performed to predict

teacher-assigned stanine scores, final grades in ninth grade mathematics

and achievement test scores for each of the five curricular groups.

The equation for the prediction of stanines for the UICSM class was

Y = aoxl a6x16 - 31.11

in which X1 is the SCAT Quantitative subtest, and X16 is the ninth subtest

of the Orleans Algebra Prognosis Test-- addition of like terms. The

multiple correlation coefficient of predicted and actual values for the

UICSM groups was .99; and 99 per cent of the variance in the stanine

scores was accounted for in the analysis. The high correlation could

have occurred because of contamination of the teacher-assigned stanines

by the test scores, and because of the smaller sample. The SCAT'Quanti-

tative subtest accounted for 31 per cent of the variance in the stanines.
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The F value from the analysis of variance for the multiple linear regres-
..

sion was 14,69. (d.Z.: 29, 3; .01 < p <.05)

The stepwise multiple regression equation for the prediction of

stanines for the algebra group was

Y = -2.24X9 .49X11 + .64X14 + .29X17 .37X21 + 5.07

in which X9 is the OAPT Use of Exponents, Xi' is the OAPT Substitution

in Monomials with Exponents, X14 is the OAPT Positive and Negative

Numbers, X17 is the OAPT Summary test and X21 is the OGPT Complementary

and Supplementary Angles. Each of these variables is included in Factor 4

of the factor analysis. The multiple correlation coefficient of.predicted

and observed stanine scores from the 29 predictor variables was .72; and

52 per cent of the variance was accounted for by the regression. The

subtest on Complementary and Supplementary Angles contributed 17

per cent to the variance. The analysis of variance for the multiple

regression yielded an F value of 3.47 indicating significant linearity.

(d.f.: 29, 90; p <.01)

Prediction of the teacher assigned stanines in the stepwise multiple

regression. for Mathematics 9X students resulted in the following equation

Y = .08X3+.31X11:+.08X15 + .16X19 + .08X27 - .82

in which X3 is the CMT Skills subtest, Xil is the OAPT Substitution in

Monomials, X15 is the OAPT Problems, X19 is the OGPT Reading Angles

and X27 is the DAT Numerical Ability, The multiple correlation coefficie-1

was .71 resulting in a coefficient of determination of .51. The DAT
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Numerical Ability subtest accounts for 20 per cent of the variance. The

F value from the analysis of variance for multiple linear regression was

2.18, indicating significant variation, due to linear. regression. (d.f. 29,

60; p <.01)

The stepwise multiple regression equation predicting stanines for

the Mathematics 9A students was

Y = .11X6 .23X8 f .15X27 -4- .23

in which X6 is the CMT Appreciations subtest, X8 is the OAPT Substitution

in Monomials, and X27 is the DAT Numerical Abilities. The multiple

correlation coefficient of actual and predicted-values was .71, and the

coefficient of determination was .51. The DAT Numerical Abilities subte::t

accounted for 30 per cent of the variance. The analysis of variance for

the multiple linear regression yielded an F value of 3.25 indicating

significant variation due to linear regression. (d.f.: 29, 90; p < .01)

. For the prediction of stanines for Mathematics 9U students the

stepwise multiple regression equation was

Y = 13X3-1- 44X23 - .40X24-1- 14X27 .05X28.* 1.74

in which X
3
is the CMT Skills subtest, X23 is the OGPT Bisection, X24

is the OGPT Geometrical Notation, X27 is the DAT Numerical Abilities and

X28 is the DAT Abstract Reasoning. The multiple correlation coefficient

was .79, and 63 per cent of the variance was accounted for in the analysiq.

The DAT Numerical Abilities subtest accounted for 30 per cent of the

variance. The F value was 2.73. (d.f.: 29, 45; p <.01)
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The predictor variables which were selected in each of the stepciise

regression anelyses are shown in table 37.

Table 37

Prediction of Teacher Assigned Stanines For Each Curricular Group

Group

UICSM

Algebra

Criteria Ste wise Predictor Variables

Mathematics
9X

Stanine Scores

Stanine Scores

Stanine Scores

Mathematics
pA. Stanine Scores

Stanine Scores

Mathematics
9U

SCAT Quantitative
OAPT Addition of Like Terms

OAPT Use-of Exponents
OAPTSubStitution in Monomials with

Exponents
OAPT Positive & Negative Integers
OAPT Summary Test
OGPT Complementary & Supplementary

Angles

CMT
CAM Substitution in Monomials -with

Exponents
OAPT Problems
OGPT Reading Angles
DAT Numerical Ability

CM Appreciation
OAPT Substitution in Monomials
DAT Numerical Ability

CMT Skills
OGPT Bisection
OGPT Geometrical Notation
DAT Numerical Ability
DAT Abstract Reasoning
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Prediction of Achievement Test Scores

The correlations of the mathematical aptitude scores with the achieve-

ment test criteria for the five curricula groups are presented in table 38.

Multiple regression analyses were again carried out, using the

appropriate achievement tests as criterion measures. The stepwise multiple

regression equation predicting achievement on the UICSM final examination

was

Y = 1.66X22 + .62

where X22 is the OGPT Understanding Geometrical Relationships subtest.

This subtest defines the sixth factor in the correlation analysis of the

predictor variables. The multiple correlation coefficient from the analysis

of the 29 aptitude scores was .96, and the coefficient of determination

was .92. Nine per cent of the variance was accounted for by the OGPT

subtest. The F value was 1.64. (d.f.: 29, 3; p> .05) The equation

predicting scores or i:he Cooperative Algebra Test for the algebra group

was

Y = 2.27X11 - 139X14 + 1.09Xi7 +.48X19 + .851:21 - 10.65

in which X11 is the OAPT Substitution in Monomials with Exponents, X14

is the OAPT Positive and Negative numbers, X17 is the OAPT Summary test,

X19 is the OGPT Reading Angles, and X21 is the OGPT Complementary and

Supplementary Angles. The multiple correlation coefficient, of the
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predicted and actual values was .75, and 56 per cent of the variance

was accounted for in the analyses. The OAPT Substitution in Monomials

with Exponents subtest accounted for 27 per cent of the variance. The

F value from the analysis of variance for the multiple linear regression

was 4.08 indicating significant variation due to linear regression.

(d.f.: 29, 90; p <.01)

The Mathematics Achievement Test for grades 6 -9, Form A, was used

as the test criterion in the 9X, 9A, and 9U groups. The stepwise multiple

regression equation for Mathematics 9X was

Y = 2.34% 4. 8.93X9 - 1.19X22 + 27.76

in which X6 is the CM Appreciation subtest, X9 is the OAPT Use of

Exponents subtest, and X22 is the OGPT Understanding Geometrical Rela-

tionships. The multiple correlation coefficient was .67 and the coeffi-

cient of determination was .45. Nine per cent of the variance was

accounted for by the CMT Appreciation subtest. The analysis of variance

for the multiple linear regression yielded an F value of 1.7026. (d.f.:

60; .01<p <.05)

The regression equation for Mathematics 9A, predicting SRA Achieve-

ment test scores was

Y = 3.40X17 2.04X27 + 25.62-

-in which X17 is the OAPT Summary test and X27 is the DAT Numerical

Abilities subtest. The multiple correlation coefficient was .64, account-

ing for the 41 per cent of the variance in the analysis. The DAT Numer4.-

cal Abilities subtest accounted for 20 per cent of the variance. An



F value of 2.18 was obtained from the analysis of variance due to

regression. (def.: 29, 90; p <.01)

The regression equation for the Mathematics 9U students was

= .37X2 1.40X3 - 2.71X24 + 1.65X-----24 25 + 1.04X28 - 74.68

in which X2 is the STEP Mathematics teat, X3 is the CNT Skills subtest,

X24 is the OGPT Geometrical Rotation sUb.:est and X28 is the DAT Abstract

Reasoning. The multiple correlation coefficient of the predicted and

actual values was .78 and the coefficient of determination was .61.

The DAT Abstract Reasoning accounted for 28 per cent of the variance.

Thti F value was 2.52. (d.f.: 29, 45; p< 01)

The predictor variables which were selected in the stepwise analyses

of achievement test scores for each curricular group are shown in

table 39.

The correlations of the aptitude variables with the final course

grades for the five curricular groups are shown in table 40.
I

Prediction of Final Grades

The third criterion of achievement was the final grades from the

mathematics classes. The stepwise multiple regression equation for the

UICSM class was

Y = .11X27 1.02

where X27 is the DAT Numerical Abilities test. The multiple correlation

coefficient of predicted and actual grades was .99, and the coefficient

of determination was .98. Again, group size and contamination of cri-

terion by predictor tests may be involved in this correlation. Forty



Group

UICSM
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Table 39

Prediction of Achimment Tests for EachCtio

Algebra

Mathematics
9X

Mathematics
9A

ilathematics

9U

Criterion
UICSM Final Exam

Cooperative Algebra
Test Level 1, Form A

SRA Arithmetic
Achievement Test for
Grades 6-9, Form A

SRA Arithmetic

Achievement Test for
Grades 6-9, Foria A

SRA Arithmetic
Achievement Test for
Grades 6-9, Form A

^==.111111.111

Stepwise Predictor Variables
Understanding Geometrical
Relationships

OAPT Substitution in Monomials with
Exponents

OAPT Positive and Negative Numbers
OAPT Summary Test
OGPT Reading Angles
OGPT Complementary and Supplementary
Angles

MT Appreciation
OAPT Use of Exponents
OGPT Understanding Geometrical
Relationships

OAPT Summary Test
DAT Numerical Ability

STEP Mathematics
CMT Skills
OGPT Geometrical Notation
OGPT Geometrical Problems
DAT Abstract Reasoning.
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per cent of the variance was accounted for by the DAT Numerical Abilities

test. The F value from the analysis of variance for the regression uas

643. (d.f.: 29, 3; p .05)

The stepwise regression equation for the algebra group, predicting

final grades teas

Y at .25X11 + 21X14 + .14X17 + .10X21 + .09X26 - 3.55

in which Xil is the OAPT Substitution in Monomials with Exponents, X14 is

the OAPT Positive and Negative numbers, X17 is the OAPT Summary test,

X21 is the OGPT Complementary and Supplementary Angles, X26 is the OGPT

Summary test. The multiple correlation coefficient was .69, and 43

per cent of the variance was accounted for in the analysis. The Summary

tea of the OGPT accounted for 21 per cent of the total variance. The

F value was 2.97 indicating significant variation due to linear regres-

stion. (d.f.: 29, 90; p <.01)

For the Mathematics 9X curricular group the stepwise multiple regres-

sion equation predicting final grades was

Y = 04X3 + .16X11 + .12X14 + .13X19 - .30

in which X3 is the CMT Skills subtest, X11 is the OAPT Substitution in

Monomials with Exponents, X14 is the OAPT Positive and Negative numbers,

and X19 is the OGPT Reading Angles. The multiple correlation coefficlAnt

of predicted and actual grades was .74, and the coefficient of determi-

nation was .55. The analysis of variance for linear regression yielded

an F value of 2.55 indicating linearity. (d.f.: 29, 60; p <.01)

The stepwise regression equation predicting final grades for
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Mathematics 9A was

Y = .02X14-.14X17 .04X27 - 5.59

in which X1 is the SCAT Quantitative, X17 is the Summary test of the

CAPT and X27 is the DAT Numerical Abilities test. The multiple correla-

tion coefficient obtained from the analysis of the 29 variables against

the criterion variable was .55. The F value was 2.28 indicating signifi-

cant variation due to regression. (d.f.: 29, 90; p <.01) In this analysis

42 per cent of the criterion variance was accounted for in the analysis and

17 per cent of the variance was accounted for by the DAT Numerical Abil-

ities.

In predicting final grades for Mathematics 9U students, the stepwise

multiple regression equation was

Y = .04X3 .06X27 .03X20 - .36

In which X3 is the CMT Skills subtext, X27 is the DAT Numerical Abilities

and X'2 ig the DAT Abstract Reasoning, The multiple correlation coeffi-

cient of predicted and observed grades was .79, and the coefficient of

determination was .62. The DAT Numerical Abilities subtest accounted

for-32 per cent of the variance. The F value from the analysis of

variance for the multiple linear regression was 2.62 indicating linearity.

(d.f.: 29, 45; p <.01)

The predictor variables which were selected in the stepwise analyses

for prediction of final grades is shown in table 41.

Chapter 4 has presented the major statistical findings of the study.

The analyses of variance indicated the range of variation in the various
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Table 41

Prediction of 9th Grade Final Mathematics Grades
For Each of the Curricular Grouggimm======....

Group

UICSM

Algebra

Criterion

Final Grade

Final Grade

Mathematics 9X Final Grade

Mathematics 9A Final Grade

Mathematics 9U Final Grade

pise Predictor Variables

DAT Numerical Ability

OAPT Substitution in Monomials
with Exponents

(APT Positive and Negative Numbers

OAPT Summary Test
OGPT Complementary and Supplemen-

tary Angles
OGPT Summary Test

CMT Skills
OAPT Substitution in 'Monomials

with Exponents
°APT Positive and Negative Numbers
OGPT Reading Angles

SCAT Quantitative
OAPT Summary Test
DAT Numerical Ability

avIT Skills

DAT Numerical Abilities
DAT Abstract Reasonin:

test score distributions among the five groups. The factor structure

of the 29 aptitude subtests and of the eight aptitude test variables were

interpreted.' Finally, the predictions of success on achievement tests

and on grade criteria were computed. A review of the hypotheses under

investigation, and a discussion of the findings will be presented in the

following chapter.
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Chapter 5

Summary and Discussion

The major objectives for this study were as follows: 1. to analyze

the nature of mathematical abilities presented by incoming high school stu-

dents, and 2. to predict their success or failure in various courses in

the mathematics curriculum. Subjects for the study were the 1965-66 ninth

grade students at R. L. Stevenson School in Honolulu, Hawaii. There was

a total of 476 students enrolled in five mathematics courses, described

in the appendix. Their placements in these courses were based on scores

for the CMT, on grades received for eighth grade mathematics, and on Total

scores for the SCAT. Instruments used in this study were the Cooperative

Mathematics Placement Test, School and College Ability Test, Mathematics

subtest of the Sequential Tests of Educational Progress, Orleans Algebra

Prognosis Tests, Orleans Geometry Prognosis Tests, and the Numerical,

Abstract Reasoning and Spatial Relations subtests of the Differential

Aptitude Test Battery.

Analysis of variance and covariance were used to study the extent of

variations in verbal and mathematical aptitudes for the five groups. Anal-

ysis of variance disclosed a significant variation in verbal abilities

as measured by the SCAT Verbal subtest. Analysis of covariance procedures

were then applied to determine the extent of variation in mathematical

traits, independent of the differences in verbal abilities. Significant

intergroup variations appeared on the CMT, the OAPT, the OGPT, and the

STEP Mathematics tests. Graphs of the means and standard. deviations of

the aptitude tests illustrated the hierarchy of mathematics abilities

represented in the five courses.
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The hypotheses under investigation in this research are reviewed as

follows:

1. Mathematical ability is not a unitary trait, but rather is com-

prised of a number of aptitudes such as numerical aptitude, abstract

reasoning, and space-form perception.

2. Specific mathematical aptitudes will hold greater predictive

validity for achievement in various mathematics courses than will a test

of general scholastic aptitude.

3. Specific aptitudes such as algebra aptitude and abstract reason-

ing will show greater predictive validity for algebra achievement then

will other aptitude and achievement predictors.

4. Numerical aptitude will hold greater predictive validity for

arithmetic achievement than will other aptitude and achievement predictors.

The subtest of the six tests were intercorrelated in a 29-variable

matrix. Total scale scores were also correlated in an 8-variable matrix.

The 29-variable and the 8-variable matrices were factor analyzed using

principal-components solution with orthogonal and oblique factor

rotations. A six-factor solution and two four-factor solutions were

reported. The six-factor solution was interpreted as follows: I. Logical

Reasoning, II. SCAT Quantitative-STEP Mathematics Instrument Factor,

III. Arithmetic Aptitude, IV. Algebra Aptitude, V. Abstract Reasoning-

Space Relations, VI. Geometric Relationships.

The four-factor analysis of the 8-variable matrix represented a wore

parsimonious solution; however, it may be less meaningful for the delinea-

tion of specific aptitudes. The four factors were identified as follows:

I. General Mathematics Aptitude, II. SCAT Quantitative-STEP Mathematics,
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III. Abstract Reasonings IV. Spatial Relations. In the four-factor solutions

the arithmetic and algebra factors collapsed on the first factor and the

DAT Spatial Relations subtest was separated as a specific factor.

The four-factor solution of the 29 variable matrix yielded quite

different results. The first factor was a specific factor, algebra aptitude.

The spatial relations variable loaded on the arithmetic factor, and the

fourth factor was clearly a geometry factor. The loadings for the DAT

Abstract Reasoning and Spatial Relations subtest on the same factor in

the six-factor solution, and on different factors in the four-factor

solution, create an interpretation difficulty. Obviously the problem lies

in how the domain of mathematical aptitudes is defined rather than in the

analyses. The factor analyses clearly supported the first hypothesis that

mathematical ability is comprised of a number of aptitudes; but the nature

of these aptitudes as specific and independent, or as correlated traits

is still in question.

Perhaps a better distinction should be made between specific intelli-

gence factors and aptitudes for achievement in school subjects. Inasmuch

as these are generally considered to be synonymous they were combined in

this study. The subtests in the Orleans Prognosis Tests, however, can

also be described as miniature achievement tests. it is presumed that

the students' intellectual abilities are applied in the lessons preceding

each subtest; and that the lessons are representative of learning demands

which the student will later meet in the course. Perhaps the predominance

of the prognosis and placement tests in the domain under study led to the

identifications of factors as subject aptitudes. The association of these



-53-

aptitudes with underlying intellectual factors was not as successful as

anticipated for the study. Another approach to the problem then mould be

to use the mathematics prognosis tests as criteria and specific intelligence

factors as predictors.

The predictions of success in the mathematics courses were carried

out using three different sets of predictors: 1. the 29-aptitude subtests,

2. the six-factor scores, and 3. the SCAT Verbal and SCAT Total scores.

Criteria of success in courses included teacher-assigned stanines, end-
-1

of-course achievement tests, and course grades. Comparisons of the cor-

relations between predictors and criteria are shown in tables 42, 43 and 44.

Table 42

Multiple Correlatibn Coefficients Predicting Teacher Assigned
Stanines from Various Independent Variables for Each Curricular Grou

Group 29-Aptitude Scores 6-Factor Scores SCAT Verbal SCAT Total

UICSM .99 .59 .03 .36
Algebra .72 .53 .00 .17
Math 9X .71 .51 .01 .10
Math 9A .71 .58 .11 .27
Math 9U .79 .64 .13 .25

Table 43

Multiple Correlation Coefficients Predicting Achievement Test
-Scores from Various Independent Variables for Each Curricular Group

Group 29-Aptitude Scores 6-Factor Scores SCAT Verbal SCAT Total,

UICSM .96 .60 .38 .02
Algebra .75 .61. .03 .19Math 9X .67 .39 .01 .01Math 9A .64 .44 .26 .37Math 9U .78 ;62 .37 .48
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Table 44

Multiple Correlation Coefficients Predicting Mathematics Final
Grades from Various Inde endent Variables for Each Curricular Group

Gro 29 A titude Scores 6 Factor Scores SCAT Verbal SCAT Total

UICSM .99 .54 .10 .27
Algebra .69 .55 .02 .21--

Math 9X .74 .57 .04 .12
Math 9A .65 .46 .08 .25
Math 9U .79 .68 .20 .30

The hypothesis that mathematical aptitude scores are superior to a

general aptitude score for the prediction of mathematics achievement was

tested using Fisher's Z test for the significance of the difference

between correlation coefficients. The coefficients were converted to

Zr's and the ratio of the difference between the Zr's to its standard

error was computed. The results for the comparison of the six-factor

prediction and the SCAT Total prediction are shown in Table 45.

Table 45

Comparison of Cotrelation Coefficients of Six-Factor Scores
and SCAT Total Score with End-of-Course Achievement Tests

Grou N
6actor Scores

SCAT Total
Converted Score

r Fisher's Z r Fisher's Z
UICSM 33 .60 .69 .02 .02 2.61 < .01
Algebra 120 .61 .71 .19 .19 3.97 < .01
Math 9X 90 .39 .41 .01 .01 2.68 < .01
Math 9A 120 .44 .47 .37 .39 .61 > .05
Math 9U 75 .62 .73 .48 .52 1.27 > 05

The six-factor scores were superior to the test of general scholastic

ability for the predictions of course achievement in the UICSM, Algebra

and Mathematics 9X groups. Although the differences in coefficients
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appearing for the 9A and 9U groups favor the six-factor prediction, the

differences might be due to chance variations.

The significance of the differences between the correlations of the

29-aptitude scores and the SCAT Total score with the end-of-course tests

were also tested. The Zr and t values for these analyses are shown in

Table 46. The mathematical aptitude scores were significantly more effective

Table 46

Comparison of Correlation, Coefficients Predicting Ninth Grade
Mathematics Achievement from the SCAT Total Converted

Score and the 29 Mathematics titude Test Scores

allptitude
Total

Score

t
Group N

SCAT
Scores Converted

r Fisher's Z r Fisher's ZUICSM 33 .96 1.95 .03 .02 7.72Algebra 120 .75 .97 .19" .19 6.00Math 9X 90 .67 .81 .01 .01 5.33Math 9A 120 .64 .76 .37 .39 2.84Math 9U 75 .78 1.05 .48 _.52 3.11

than the SCAT Total score in predicting mathematics achievement as measured

by the end-of-course tests.

It was hypothesized that algebra aptitude and abstract reasoning

would show greater predictive validity for algebra achievement than would

the other aptitude and achievement predictors. The best predictors of

performance on the Cooperative Algebra Test, the criterion for course

achievement, were the OAPT Substitution in Monomials (r = .52), and the

OGPT Complimentary and Supplementary Angles subtest (r = .45). In the

factor analysis of the aptitude variables both of these subtests received

their major loading on the algebra aptitude factor. The same subtests

also showed the highest correlations with the teacher-assigned atanines
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(r= .40 and .41 respectively). Although the significance of the difference

between these and other correlation coefficients were not tested these

data tend to support the hypothesis. The related hypothesis that abstract

reasoning abilities would be an important predictor of algebra success

was not supported, however, in the case of the DAT Abstract Reasoning subtest.

The fourth hypothesis was that numerical ability would bold greater

predictive validity for arithmetic achievement than would other aptitude

and achievement predictors. The data for the two arithmetic sections,

Mathematics 9A and Mathematics 9U tend to support this hypothesis. The

best single predictor for the teacher-assigned stanines and for the SRA

Arithmetic Achievement Test scores was the DAT Numerical Abilities Test,

(r = .55 for stanines and r = .45 for SRA Arithmetic). For Mathematics 9U

the Numerical Abilities subtest was the best single predictor for the

teacher-assigned stanines. The best predictors for SRA Arithmetic scores

in the 9U section were the DAT Abstract Reasoning (r = .53), and the DAT

Numerical (r = .43). Although the magnitude of these coefficients may

not be significantly greater than some of the other coefficients, e.g.,

SCAT Total, the evidence favors prediction from a specific aptitude test

rather than general ability or achievement tests.

Hypotheses about the predictors of success in the UICSM course were

not stated. Also, the Mathematics 9X course was a composite course in-

volving basic algebra concepts and fundamental operations with sets of

whole numbers and rational numbers. The Mathematics 9X course approached

this through a geometrical approach, using concepts of area, and measurement,

with application of manipulative skills. Without any prior knowledge of
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the degrees of emphasis placed on algebraic concepts, geometric relation-

ships, or symbol manipulation in the 9X course any hypothesis about pre,

dictors would tend to be simple conjecture. On the premise that the major

emphasis in Mathematics 9X was number relations, and to obtain a criterion

that would allow comparisons of the 9X, 9A, and 9U sections, the SPA

Arithmetic test was used as the criterion.

The problem of selecting a suitable criterion for course achievement

is also illustrated in the predictions for the UICSM course. The best

predictors for the teacher-assigned stanines were the SCAT Quantitative

and the OAPT Addition of Like Terms. The best predictor for the UICSM end-

of-course test was OGPT Understanding. Geometric Relations subtest. And

the best predictor for course grades was the DAT Numerical Abilities test.

The fact that algebra, geometry, and general mathematics concepts

are incorporated in the course content of Mathematics 9X is reflected in

the subsets of predictors for the various criteria. For the prediction

of the SRA Arithmetic scores the CMT Appreciation, the OAGPT Use of Exponents

and the OGPT Understanding Geometric Relationships subtest were the most

effective predictors. The best predictors of final grades were the CMT

Skill test, the OAPT Substitution in Monomials, the OAPT Positiye and

Negative Numbers, and the OGPT Reading Angles. These subtests, with the

addition of the OAPT Problems and the DAT Numerical Ability subtests were

selected for the prediction of teacher-assigned stanines. The assumption

that Mathematics 9X had a greater emphasis on arithmetic processes and

number relations than on algebraic or geometric concepts was not support:'

in the regression analyses. The stanines and course grades criteria



-58-

required predictors different from those selected for the arithmetic achieve-

ment criterion. This is an indication that the etanines and course grades

represent a broader range of achievement than the test criterion. To

evaluate achievement in a composite mathematics course such as 9X it would

probably be desirable to use tests which sample from the algebra and geometry

content as well as from the arithmetic content.

In the past year or two the distinction between modern and traditional

mathematics has begun to decline. Perhaps the modern innovations have

attained their purpose with the wider recognition of objectives such as

conceptual understanding and the knowledge of principles. The organization

of the curriculum on dual tracks, i.e., modern vs. traditional courses can

be critically questioned. Even before the evaluation of modern mathematics

has been completed some of the previously unrecognized values of traditional

mathematics have become apparent. The organization of this curriculum

appears now to be in a transitional state. Modern mathematics courses,

identified by abbreviations for their origin are still appended to the

previous curriculum. The term Mathematics is also used to identify grade-

level and remedial arithmetic courseNas well as composite courses with

varied subject content. It is difficult to discern from the present situation

whether subject oriented courses with modernization will prevail, or

whether composite mathematics courses which cross subject boundaries will

prove to be more popular. Perhaps before the questions pertaining to

curriculum organization are resolved further information may be available

about the nature of mathematical-learning abilities.
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Description of Courses'

The ninth grade curriculum at Stevenson Intermediate School included

five different mathematics courses. These courses were UICSM, Algebra 1-2,

Mathematics 9X, Mathematics 9A and Mathematics 9U.

In the UICSM course emphasis is placed on the structure of mathematics.

Since much of the learning is in terms of new language and terminology,

reading comprehension is important to learning the mathematical concepts in

this course. Real numbers are studied in terms of binary operations and the

properties that hold in the set (i.e., commutativity, associativity). The

binary operations of. subtraction, division and multiplication are studied

in terms of basic principles that hold in the set of reels. All basic

principles learned are integrated into a chapter on algebraic manipulation.

The relation of algebra to geometry is studied. Elements of logic and

deductive organization are also studied.

Set theory is used as an introduction to the structure of the number

system in the algebra course. The sets of integers, rational numbers and

real numbers are studied in terms of the basic principles that hold and of

operations within the respective sets. This leads to the introduction of

the concept of the variable that the student works with throughout the

course. There are a number of types of equations that the students are

expected to learn how to solve. In each case, fundamental concepts and opercl-

tions are introduced and the students learn to use the skills to solve equa-

tions that are already given. From this, it is expected that the students

solve verbal problems involving similar concepts. There is an emphasis on

NEMONII11100

1.
Tannehirook; "A Descriptive Study of the ninth Grade Mathematics

Curriculum at Stevenson Intermediate School" unpublished masters paper,
University of Hawaii, Honolulu, 1966.



ii

integrating graphing whenever it helps students to visualize concepts or

solutions to equations.

Algebra, geometry, and general mathematics are incorporated into a

course in general mathematics, Mathematics 9X. Familiar ideas and instruments

are used to introduce newer principles'and terminology in these fields.

Topics that students should have been exposed to are enlarged upon and newer

ideas are Interjected. The influence of newer trends is particularly seen

when the students study the structure of the positive integers or whole

numbers by looking at the historical development of various number system.

Measurement is used as the basis for studying and reviewing main concepts

concerning fractions, decimals, and per cents. Elements of simple descrip-

tive statistics are introduced. Also introduced are basic concepts involved

in the study of algebra such as variables, algebraic symbols, directed

numbers and solutions to equations. The final part of the course deals with

applications of mathematics to daily life.

Mathematics 9A and Mathematics 9U are basically remedial courses in

mathematics. The distinction between the two courses is that more capable

students are selected for Mathematics 9A than for Mathematics 9U. The

subject matter of both courses is essentially the same but the depth of

the treatment varies. The main objective of each course is to teach or

review the structure of the whole and rational number systems, and to gain

proficiency in operations dealing with these sets. In addition the elementary

concepts of business mathematics, measurement, geometry, and algebra are

introduced in Mathematics 9A.
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Table G

Mathematics Test Variables and Factor Loadings
on the Unrotated Factor Matrix*

Variables

SCAT Quantitative
STEP Mathematics
CMT Skills
CMT Facts, Terms & Concepts
CMT Applications
CMT Appreciation
OAPT Arithmetic Test

OAPT Substitution in Monomials-
OAPT Use of Exponents
OAPT Meaning of Exponents
OAPT Substitution in Monomials

with Exponents
OAPT Substitution in Binomials

with Exponents
OAPT Representation of Relations
OAPT Positive and Negative Numbers
OAPT Problems
OAPT Addition of Like Terms
OAPT Summary Test
OGPT Axioms
OGPT Reading Angles
OGPT Kinds of Angles
OGPT Complementary and

Supplementary Angles
OGPT Understanding Geometrical

Relationships
OGPT Bisection
OGPT Geometrical Notation
OGPT Geometrical Problems
OGPT Summary Test
DAT Numerical Ability
DAT Abstract Reasoning
DAT Space Relations
Eigenvalues

*Decimals are omitted

495
491
773
776
730
709
744
747

642
802

749

822
775
820
800
810
857
757
765
769

843

554
766
729
651
837
848
672
709

16.433

Factors
IV

785 . 136 -208
793 126 -218
054 283 275
061 252 177

-075 468 219
-033 432 225
-036 -130 057

174 -408 068

207 -423 117

057 -316 112

040 -326 152

-092 -188 011
-070 -113 060
-001 -182 041.

-199 036 027
-148 -074 025
-083 -143 066
-176 076 -242
-136 -002 -197
-020 -141 -101

-061 -085 -099

-101 053 -163
-216 206 =442
-102 051 -236
-159 139 -259
-192 095 -237
072 109 186
172 075 151
094 157 042

1.819 1.679 1.111



Table H

Unrotated Factor Matrix for the Ei ht Variable Solution*

Variables 1 2 3 4 5 6 7 8

1 -66 -72 -06 -01 -00 -01 00 -14

2 -66 -73 -05 01 -00 02 -00 14

3 -82 20 -12 -16 46 10 -06 -00

4 -86 27 -23 01 -25 -04 -25 00

5 -84 27 -28 10 -14 22 20 -00

6 -88 18 -02 -12 '00 38 13 01

7 -73 08 49 -29 -15 14 00 -00

8 -79 12 33 47 10 -02 -02 -00

*Decimals are omitted
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Table K

Summary Statistics for Mathematics Final Grade
and Teacher Asslsned Stanine Scores

Criterion
Boys Girls Total

n Mean S.D. n Mean S.D. n Mean S.D.

Mathematics
Final Grade 216 2.1 .95 246 2.0 1.00 462 2.0 .98

Teacher
Assigned
Stanine
Scores 224 4.9 1.90 243 5.1 1.91 467 5.0 1.91


